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warding the extracted current to a following one of the
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a digital output signal according to the filtered residual
signal. The digital to analog converter i1s arranged for
performing a digital to analog converting operation upon a
signal derived from the digital output signal to generate the
teedback signal to the summing circuit.
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Subtract a feedback signal by an 1mput

signal to generate a residual signal 002

Provide a loop filter comprising a plurality
of amplifying stages connected 1n series
and arranged to receive the residual signal
to generate a filtered residual signal

604

Extract a current from one of the
amplitying stages and forwarding the
extracted current to a following one of the 606
amplilying stages to compensate a loop
delay of the analog to digital converter

(senerate a digital output according to

the Tiltered residual signal OUs

Perform a digital to analog converting

operation upon a signal derived trom the 610

f1ltered residual signal to generate the
feedback signal
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CONTINUOUS TIME DELTA SIGMA
MODULATOR, ANALOG TO DIGITAL
CONVERTER AND ASSOCIATED
COMPENSATION METHOD

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims the priority of U.S. Provisional
Application No. 62/161,608, filed on May 14, 2015, which
1s included herein by reference in its entirety.

BACKGROUND

A high resolution continuous time delta-sigma modulator
serves as a power ellicient candidate with a signal bandwidth
ranging {rom audio band to several megahertz. However, the
higher frequency input signal of the continuous time delta-
sigma modulator may cause diflicult excess loop delay
compensation. To solve the excess loop delay compensation
problem caused by the high frequency input signal, an
additional circuit such as a digital to analog converter
(DAC) 1s arranged to process a feedback signal from an
output of the quantizer to an output of the pre-stage loop
filter, and therefore there are more than one DACs config-
ured 1n the excess loop of the continuous time delta-sigma
modulator. This additional circuit such as DAC increases the
power consumption and provides a large parasitic capaci-
tance to the loop filter.

SUMMARY

It 1s therefore an objective of the present invention to
provide a conftinuous time delta-sigma modulator, which
teed-forwards a current extracted from an amplilying stage
to a following amplifying stage of a loop filter, to solve the
above-mentioned problem.

According to one embodiment of the present invention, a
continuous time delta sigma modulator comprises a {first
summing circuit, a loop filter, an extraction circuit, a quan-
tizer and a digital to analog converter. The first summing,
circuit 1s arranged for subtracting a feedback signal by an
input signal to generate a residual signal. The loop filter
comprises a plurality of amplifying stages connected in
series and 1s arranged to receive the residual signal to
generate a filtered residual signal. The extraction circuit 1s
coupled to the loop filter, and 1s arranged for extracting a
current from one of the amplitying stages and forwarding
the extracted current to a following one of the amplifying
stages. The quantizer 1s coupled to the loop filter, and 1s
arranged for generating a digital output according to the
filtered residual signal. The digital to analog converter is
coupled to the quantizer and the first summing circuit, and
1s arranged for performing a digital to analog converting
operation upon a signal derived from the digital output to
generate the feedback signal to the first summing circuait.

According to another embodiment of the present inven-
tion, an analog to digital converter comprises a first sum-
ming circuit, a loop {ilter, an extraction circuit, a quantizer
and a digital to analog converter. The first summing circuit
1s arranged for subtracting a feedback signal by an input
signal to generate a residual signal. The loop filter comprises
a plurality of amplifying stages connected in series and 1s
arranged to receive the residual signal to generate a filtered
residual signal. The extraction circuit 1s coupled to the loop
filter, and 1s arranged for extracting a current from one of the
amplifying stages and forwarding the extracted current to a
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following one of the amplifying stages. The quantizer is
coupled to the loop filter, and 1s arranged for generating a
digital output according to the filtered residual signal. The
digital to analog converter 1s coupled to the quantizer and the
first summing circuit, and 1s arranged for performing a
digital to analog converting operation upon a signal derived
from the digital output to generate the feedback signal to the
first summing circuit.

According to another embodiment of the present inven-
tion, a compensation method of an analog to digital con-
verter comprises: subtracting a feedback signal by an input
signal to generate a residual signal; providing a loop filter
comprising a plurality of amplifying stages connected 1n
series and arranged to recerve the residual signal to generate
a filtered residual signal; extracting a current from one of the
amplifying stages and forwarding the extracted current to a
following one of the amplitying stages to compensate a loop
delay of the analog to digital converter; generating a digital
output according to the filtered residual signal; and perform-
ing an digital to analog converting operation upon a signal
derived from the digital output to generate the feedback
signal.

These and other objectives of the present mvention waill
no doubt become obvious to those of ordinary skill 1n the art
alter reading the following detailed description of the pre-
terred embodiment that is 1llustrated 1n the various figures
and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagram 1llustrating an ADC according to one
embodiment of the present invention.

FIG. 2 shows the currents provided by the input signal,
DAC and extraction circuit.

FIG. 3 1s a diagram 1illustrating amplifying stages of the
loop filter and the flow of the extracted current according to
one embodiment of the present invention.

FIG. 4 shows a detailed structure of the ADC shown 1n
FIG. 1 according to one embodiment of the present inven-
tion.

FIG. 5 shows a detailed structure of the extraction circuit
and the first amplitying stage of the loop filter according to
one embodiment of the present invention.

FIG. 6 1s a flowchart of a compensation method of an
ADC according to one embodiment of the present invention.

DETAILED DESCRIPTION

Certain terms are used throughout the following descrip-
tion and claims to refer to particular system components. As
one skilled in the art will appreciate, manufacturers may
refer to a component by different names. This document
does not intend to distinguish between components that
differ in name but not function. In the following discussion
and 1n the claims, the terms “including” and “comprising”
are used 1 an open-ended fashion, and thus should be
interpreted to mean “including, but not limited to . . . ” The
terms “couple” and “couples™ are intended to mean either an
indirect or a direct electrical connection. Thus, 1f a first
device couples to a second device, that connection may be
through a direct electrical connection, or through an indirect
clectrical connection via other devices and connections.

Please refer to FIG. 1, which 1s a diagram 1llustrating an
analog to digital converter (ADC) 100 according to one
embodiment of the present invention, where 1n this embodi-
ment, the ADC 100 1s a continuous time delta sigma

modulator type ADC. As shown 1n FIG. 1, the ADC 100
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comprises a first summing circuit 110, a loop filter 120, an
extraction circuit 130, a second summing circuit 140, a
quantizer 150 and a DAC 160. In this embodiment, the loop
filter 120 comprises a plurality of amplifying stages con-
nected 1n series, and each amplifying stage may be imple-
mented by an integrator.

In the operations of the ADC 100, the first summing
circuit 110 receives an mput signal Vi(t) and a feedback
signal V... and calculates a difference by subtracting the
teedback signal V., by the mput signal Vi(t) to generate a
residual signal V,. Then, the loop filter 120 filters the
residual signal V,. Meanwhile, the extraction circuit 130
extracts a current from one of the amplifying stages and
forwards the extracted current to a following one of the
amplifving stages, where 1n this embodiment the extracted
current 1s forwarded to an output node of the last amplifying
stage. The second summing circuit 140 combines the
extracted current and an output current of the loop filter to
generate a filtered residual signal. The quantizer 150 gen-
erates a digital output Dout according to the filtered residual
signal. Then, the DAC 160 performs a digital to analog
converting operation upon a signal dertved from the filtered
residual signal to generate the feedback signal V., to the
first summing circuit 110.

In this embodiment, the compensation of the excess loop
delay of the ADC 100 uses a current-mode implementation.
Refer to FIG. 2, a current 1, , -~ provided by the DAC 160 1s
similar to a current I, provided by the input signal Vi(t), but
the current I, .~ 1s with quantization errors (noise). There-
fore, the residual signal V, (having the current I,.-1, )
outputted by the first summing circuit 110 can be regarded
as quantization errors of the ADC 100. Then, the current
I, » extracted from the one of the amplifying stages of the
loop filter 120 (1.e. extracted from the residual signal V) 1s
forwarded to the last amplifying stage to compensate a
constant coeflicient of the loop filter 120 to compensate the
excess loop delay of the ADC 100. By using the residual
signal V, to compensate the excess loop delay, the constant
coellicient of the loop filter 120 can be compensated, and the
compensation method 1s merely involved with the feedback
signal V., provided by the DAC 160, and 1s not involved
with any other DAC. Therefore, the power consumption and
the chip area can be improved.

Refer to FIG. 3, which 1s a diagram 1llustrating amplifying,
stages of the loop filter 120 and the flow of the extracted
current according to one embodiment of the present inven-
tion. As shown 1n FIG. 3, the ADC 100 1s of a differential
structure, and the loop filter 120 comprises a plurality of
amplifying stages, where each amplitying stage comprises
an operational amplifier such as 310_1-310_N. In FIG. 3, the
first amplifying stage 1s an integrator comprising the opera-
tional amplifier 310 land two capacitors C1 and C2, the
current flowing through the capacitor C1 1s equal to (I ,,—
I, .1), the current tlowing through the capacitor C2 1s equal
to (I .,-15,--), and the differential output signal of the
operational amplifier 310_1 comprises I, =I. -Ix and
I ,~=I~—Ix, wherel ., and I ., are differential input currents,
and 1, ,~, and I, ,~, are differential feedback currents. The
extraction circuit 130 (not shown i FIG. 3) extracts the
current 1., and 1., from the output currents IOP and ION of
the operational amplifier 310_1, respectively, and the extrac-
tion circuit 130 forwards the extracted current I1.,,and 1., to
the output nodes of the operational amplifier 310_N wia
compensation resistors R.; 5. In addition, in one embodi-
ment, the extraction circuit 130 mirrors the output currents
I, and I, with a ratio to generate the extracted current 1.,
and I...
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FIG. 4 shows a detailed structure of the ADC 100 accord-
ing to one embodiment of the present invention. As shown
in FIG. 4, the loop filter 120 comprises three amplifying
stages, and each amplitying stage 1s implemented by an
integrator, and the ADC 100 further comprises a phase
adjusting circuit 510, a Dynamic Element Matching (DEM)
circuit 520 and a DAC latch 530. Similar to FIG. 3, FIG. 4
shows that the current 1., and 1., are extracted from the
output currents I ,, and I ,,; of the first amplitying stage, and
forwards the extracted current 1., and 1., to the output
nodes of the last amplifying stage (i.e. forwards the
extracted current 1., and I, to the second summing circuit
140).

FIG. 5 shows a detailed structure of the extraction circuit
130 and the first amphifying stage of the loop filter 120
according to one embodiment of the present mvention. As
shown 1 FIG. 5, transistors M1-M6 form an operational
amplifier 502 of the first amplifying stage of the loop filter
120, transistors M7-M10 form an output stage 504 of the
first amplitying stage, and transistors M11-M14 and the
compensation resistors R ., ,, form the extraction circuit 130.
In the operations of the circuits shown in FIG. 5, the
operational amplifier 502 receives the residual signals Vin
and Vip (1.e. “V,;” shown in FIG. 1) and generates output
voltages Vn, Vop and the output currents I, 1, at the
output stage 504. Then, the extraction circuit 130 mirrors the
current at the output stage with a ratio (1/m) to generate the
extraction currents 1., and I,... It 1s noted that FIG. 4 and
FIG. 5 show some elements (e.g. capacitors and resistors and
so on) without the reference numbers, these elements are
related to the general functions or stabilization purposes of
the loop filter 120, and further descriptive details of the
components are omitted here.

The above-mentioned embodiment shows that the extrac-
tion circuit 130 extracts the current from the first amplifying
stage to the output node of the last amplilying stage of the
loop filter 120. The embodiment shows an exemplary imple-
mentation rather than a limitation to the present invention. In
other embodiments, the extraction circuit 130 can extract the
current from any one of the amplitying stage of the loop
filter 120 to the following amplifying stage to compensate
the excess loop delay of the ADC 100. In another embodi-
ment, the extraction circuit 130 may extract a plurality of
current from two or more amplifying stages (e.g. from the
first, second and third amplifying stages), and forwards three
extracted currents to the following amplifying stage (e.g. the
last amplifying stage). These alternative designs shall fall
within the scope of the present invention.

FIG. 6 1s a flowchart of a compensation method of an
ADC according to one embodiment of the present invention.
Refer to FIGS. 1-6 together, the flow 1s as follows:

Step 600: the flow starts.

Step 602: subtract a feedback signal by an mput signal to
generate a residual signal.

Step 604: provide a loop filter comprising a plurality of
amplifving stages connected in series and arranged to
receive the residual signal to generate a filtered residual
signal.

Step 606: extract a current from one of the amplifying
stages and forwarding the extracted current to a following
one of the amplifying stages to compensate a loop delay of
the analog to digital converter.

Step 608: generate a digital output according to the
filtered residual signal.

Step 610: perform a digital to analog converting operation
upon a signal derived from the filtered residual signal to
generate the feedback signal.
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Briefly summarized, in the continuous time delta-sigma
modulator of the present invention, the loop filter receives
the residual signal (i.e. the diflerence between the input
signal and the feedback signal), and a current extracted from
one amplitying stage of the loop filter 1s forwarded to the
following amplifying stage to compensate the excess loop
delay. In the embodiment of the present invention, only one
DAC 1s required, and the excess loop delay compensation 1s
not involved with any other DAC. Therefore, the power
consumption and the chip area can be improved.

Those skilled 1n the art will readily observe that numerous
modifications and alterations of the device and method may
be made while retaiming the teachings of the invention.
Accordingly, the above disclosure should be construed as
limited only by the metes and bounds of the appended
claims.

What 1s claimed 1s:

1. A continuous time delta sigma modulator, comprising:

a first summing circuit, for subtracting a feedback signal
by an input signal to generate a residual signal;

a loop filter comprising a plurality of amplifying stages
connected 1n series and arranged to receive the residual
signal to generate a filtered residual signal;

an extraction circuit, coupled to the loop filter, for extract-
ing a current from one of the amplifying stages and
forwarding the extracted current to a following one of
the amplifying stages;

a quantizer, coupled to the loop filter, for generating a
digital output signal according to the filtered residual
signal; and

a digital to analog converter, coupled to the quantizer and
the first summing circuit, for performing a digital to
analog converting operation upon a signal derived from
the digital output signal to generate the feedback signal
to the first summing circuit;

wherein the extraction circuit mirrors an output current of
the one of the amplifying stages to generate the
extracted current, and forwards the extracted current to
the following one of the amplifying stages.

2. The continuous time delta sigma modulator of claim 1,
wherein the extraction circuit forwards the extracted current
to an output node of the following one of the amplifying
stages.

3. The continuous time delta sigma modulator of claim 1,
wherein the extraction circuit mirrors the current from a first
one of the amplifying stages and forwards the extracted
current to a last one of the amplifying stages.

4. The continuous time delta sigma modulator of claim 1,
wherein the extracted current and an output current of a last
amplifying stage of the loop filter are combined to generate
the filtered residual signal.

5. The continuous time delta sigma modulator of claim 1,
wherein the extracted current forwarded to the following one
of the amplifying stages 1s used to compensate a coetlicient
of the following one of the amplifying stages; and compen-
sations of the amplifying stages are not involved with any
other digital to analog converter.

6. The continuous time delta sigma modulator of claim 1,
wherein the loop filter further comprises a compensation
resistor coupled to an output node of the following one of the
amplifying stages, and the extraction circuit directly for-
wards the extracted current to the following one of the
amplifying stages via the compensation resistor.

7. The continuous time delta sigma modulator of claim 1,
wherein the extraction circuit extracts currents from two or
more amplifying stages, and forwards the currents to the
following one of the amplifying stages.
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8. A compensation method of an analog to digital con-
verter, comprising:
subtracting a feedback signal by an imput signal to gen-
erate a residual signal;
providing a loop filter comprising residual a plurality of
amplilying stages connected 1n series and arranged to
receive the residual signal to generate a filtered residual

signal;

extracting a current from one of the amplifying stages and
forwarding the extracted current to a following one of
the amplilying stages to compensate a loop delay of the
analog to digital converter;

generating a digital output signal according to the filtered

residual signal; and

performing a digital to analog converting operation upon

a signal derived from the digital output to generate the
teedback signal;

wherein the step of extracting the current from the output

current of the one of the amplifying stages and for-

warding the extracted current to the following one of

the amplifying stages comprises:

mirroring the output current of the one of the ampli-
tying stages to generate the extracted current, and
torwarding the extracted current to the following one
of the amplilying stages.

9. The compensation method of claim 8, wherein the step
of extracting the current from the output current of the one
of the amplitying stages and forwarding the extracted cur-
rent to the following one of the amplifying stages comprises:

forwarding the extracted current to an output node of the

following one of the amplifying stages.

10. The compensation method of claim 8, wherein the step
of extracting the current from the one of the amplifying
stages and forwarding the extracted current to the following
one of the amplifying stages comprises:

mirroring the current from a first one of the amplifying

stages and forwarding the extracted current to a last one
of the amplifying stages.

11. The compensation method of claim 8, further com-
prising;:

combining the extracted current and an output current of

a last amplitying stage of the loop filter to generate the
filtered residual signal.

12. The compensation method of claim 8, wherein the
teedback signal 1s generated by a digital to analog converter,
and compensations of the amplifying stages are not involved
with any other digital to analog converter.

13. The compensation method of claim 8, wherein the
loop filter further comprises a compensation resistor coupled
to an output node of the following one of the amplifying
stages, and the step of extracting the current from the one of
the amplitying stages and forwarding the extracted current
to the following one of the amplifying stages comprises:

directly forwarding the extracted current to the following

one of the amplifying stages via the compensation
resistor.

14. The compensation method of claim 8, wherein the step
of extracting the current from the one of the amplifying
stages and forwarding the extracted current to the following
one of the amplifying stages comprises:

extracting currents from two or more amplifying stages,

and forwarding the currents to the following one of the
amplilying stages.

15. A continuous time delta sigma modulator, comprising;:

a first summing circuit, for subtracting a feedback signal

by an 1nput signal to generate a residual signal;
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a loop filter comprising a plurality of amplifying stages
connected 1n series and arranged to receive the residual
signal to generate a filtered residual signal;

an extraction circuit, coupled to the loop filter, for extract-
ing a current from one of the amplifying stages and
forwarding the extracted current to a following one of
the amplifying stages;

a quantizer, coupled to the loop filter, for generating a
digital output signal according to the filtered residual
signal; and

a digital to analog converter, coupled to the quantizer and
the first summing circuit, for performing a digital to
analog converting operation upon a signal derived from
the digital output signal to generate the feedback signal
to the first summing circuit;

wherein the extracted current forwarded to the following
one of the amplifying stages 1s used to compensate a
coellicient of the following one of the amplifying
stages; and compensations of the amplitying stages are
not involved with any other digital to analog converter.

16. The continuous time delta sigma modulator of claim
15, wherein the extraction circuit extracts the current from
an output current of the one of the amplifying stages and
torwards the extracted current to the following one of the
amplifying stages.

17. The continuous time delta sigma modulator of claim
16, wherein the extraction circuit mirrors the output current
ol the one of the amplifying stages to generate the extracted
current, and forwards the extracted current to the following
one of the amplilying stages.

18. The continuous time delta sigma modulator of claim
16, wherein the extraction circuit extracts the current from
the output current of the one of the amplifying stages and
forwards the extracted current to an output node of the
following one of the amplifying stages.

19. The continuous time delta sigma modulator of claim
15, wherein the extraction circuit extracts the current from
a first one of the amplitying stages and forwards the
extracted current to a last one of the amplifying stages.

20. The continuous time delta sigma modulator of claim
15, wherein the extracted current and an output current of a
last amplifying stage of the loop filter are combined to
generate the filtered residual signal.

21. The continuous time delta sigma modulator of claim
15, wherein the loop filter further comprises a compensation
resistor coupled to an output node of the following one of the
amplifying stages, and the extraction circuit directly for-
wards the extracted current to the following one of the
amplifying stages via the compensation resistor.

22. The continuous time delta sigma modulator of claim
15, wherein the extraction circuit extracts currents from two
or more amplifying stages, and forwards the currents to the
following one of the amplifying stages.

23. A continuous time delta sigma modulator, comprising:

a first summing circuit, for subtracting a feedback signal
by an input signal to generate a residual signal;

a loop filter comprising a plurality of amplifying stages
connected 1n series and arranged to receive the residual
signal to generate a filtered residual signal;

an extraction circuit, coupled to the loop filter, for extract-
ing a current from one of the amplifying stages and
forwarding the extracted current to a following one of
the amplifying stages;

a quantizer, coupled to the loop filter, for generating a
digital output signal according to the filtered residual
signal; and
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a digital to analog converter, coupled to the quantizer and
the first summing circuit, for performing a digital to
analog converting operation upon a signal derived from
the digital output signal to generate the feedback signal
to the first summing circuit;

wherein the loop filter further comprises a compensation
resistor coupled to an output node of the following one
of the amplitying stages, and the extraction circuit
directly forwards the extracted current to the following
one ol the amplilying stages via the compensation
resistor.

24. The continuous time delta sigma modulator of claim
23, wherein the extraction circuit extracts the current from
an output current of the one of the amplifying stages and
forwards the extracted current to the following one of the
amplifying stages.

25. The continuous time delta sigma modulator of claim
24, wherein the extraction circuit mirrors the output current
of the one of the amplilying stages to generate the extracted
current, and forwards the extracted current to the following
one of the amplifying stages.

26. The continuous time delta sigma modulator of claim
24, wherein the extraction circuit extracts the current from
the output current of the one of the amplitying stages and
forwards the extracted current to an output node of the
following one of the amplifying stages.

277. The continuous time delta sigma modulator of claim
23, wherein the extraction circuit extracts the current from
a first one of the amplifving stages and forwards the
extracted current to a last one of the amplifying stages.

28. The continuous time delta sigma modulator of claim
23, wherein the extracted current and an output current of a
last amplitying stage of the loop filter are combined to
generate the filtered residual signal.

29. The continuous time delta sigma modulator of claim
23, wherein the extracted current forwarded to the following
one of the amplilying stages i1s used to compensate a
coellicient of the following one of the amplifying stages; and
compensations of the amplifying stages are not mvolved
with any other digital to analog converter.

30. The continuous time delta sigma modulator of claim
23, wherein the extraction circuit extracts currents from two
or more amplifying stages, and forwards the currents to the
following one of the amplifying stages.

31. A compensation method of an analog to digital con-
verter, comprising;:

subtracting a feedback signal by an iput signal to gen-
crate a residual signal;

providing a loop filter comprising residual a plurality of
amplifying stages connected 1n series and arranged to
receive the residual signal to generate a filtered residual
signal;

extracting a current from one of the amplifying stages and
forwarding the extracted current to a following one of
the amplitying stages to compensate a loop delay of the
analog to digital converter;

generating a digital output signal according to the filtered
residual signal; and

performing a digital to analog converting operation upon
a signal derived from the digital output to generate the
feedback signal;

wherein the feedback signal 1s generated by a digital to
analog converter, and compensations of the amplifying
stages are not involved with any other digital to analog,
converter.

32. The compensation method of claim 31, wherein the

step of extracting the current from the one of the amplifying
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stages and forwarding the extracted current to the following
one of the amplifying stages comprises:

extracting the current from an output current of the one of

the amplifying stages and forwarding the extracted
current to the following one of the amplifying stages.

33. The compensation method of claim 32, wherein the
step of extracting the current from the output current of the
one of the amplifying stages and forwarding the extracted
current to the following one of the amplifying stages com-
Prises:

mirroring the output current of the one of the amplifying

stages to generate the extracted current, and forwarding
the extracted current to the following one of the ampli-
fying stages.

34. The compensation method of claim 32, wherein the
step of extracting the current from the output current of the
one of the amplifying stages and forwarding the extracted
current to the following one of the amplifying stages com-
Prises:

extracting the current from the output current of the one

of the amplifying stages and forwarding the extracted
current to an output node of the following one of the
amplifying stages.

35. The compensation method of claim 31, wherein the
step of extracting the current from the one of the amplifying
stages and forwarding the extracted current to the following
one of the amplilying stages comprises:

extracting the current from a first one of the amplifying

stages and forwarding the extracted current to a last one
of the amplifying stages.

36. The compensation method of claim 31, further com-
prising;:

combining the extracted current and an output current of

a last amplitying stage of the loop filter to generate the
filtered residual signal.

37. The compensation method of claim 31, wherein the
loop filter further comprises a compensation resistor coupled
to an output node of the following one of the amplifying
stages, and the step of extracting the current from the one of
the amplifying stages and forwarding the extracted current
to the following one of the amplilying stages comprises:

directly forwarding the extracted current to the following

one of the amplifying stages via the compensation
resistor.

38. The compensation method of claim 31, wherein the
step of extracting the current from the one of the amplifying
stages and forwarding the extracted current to the following
one of the amplilying stages comprises:

extracting currents from two or more amplifying stages,

and forwarding the currents to the following one of the
amplifying stages.

39. A compensation method of an analog to digital con-
verter, comprising:

subtracting a feedback signal by an input signal to gen-

crate a residual signal;

providing a loop {filter comprising residual a plurality of

amplifying stages connected 1n series and arranged to
receive the residual signal to generate a filtered residual
signal;

extracting a current from one of the amplifying stages and

forwarding the extracted current to a following one of
the amplifying stages to compensate a loop delay of the
analog to digital converter;
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generating a digital output signal according to the filtered

residual signal; and

performing a digital to analog converting operation upon

a signal derived from the digital output to generate the
teedback signal;

wherein the loop filter further comprises a compensation

resistor coupled to an output node of the following one

of the amplitying stages, and the step of extracting the

current from the one of the amplifyving stages and

forwarding the extracted current to the following one of

the amplifying stages comprises:

directly forwarding the extracted current to the follow-
ing one of the amplifying stages via the compensa-
tion resistor.

40. The compensation method of claim 39, wherein the
step of extracting the current from the one of the amplifying
stages and forwarding the extracted current to the following
one of the amplifying stages comprises:

extracting the current from an output current of the one of

the amplifying stages and forwarding the extracted
current to the following one of the amplifying stages.

41. The compensation method of claim 40, wherein the
step of extracting the current from the output current of the
one of the amplifying stages and forwarding the extracted
current to the following one of the amplifying stages com-
Prises:

mirroring the output current of the one of the amplifying

stages to generate the extracted current, and forwarding,
the extracted current to the following one of the ampli-
fying stages.

42. The compensation method of claim 40, wherein the
step of extracting the current from the output current of the
one of the amplifying stages and forwarding the extracted
current to the following one of the amplifying stages com-
Prises:

extracting the current from the output current of the one

of the amplifying stages and forwarding the extracted
current to an output node of the following one of the
amplifying stages.

43. The compensation method of claim 39, wherein the
step of extracting the current from the one of the amplifying
stages and forwarding the extracted current to the following
one of the amplifying stages comprises:

extracting the current from a {first one of the amplilying

stages and forwarding the extracted current to a last one
of the amplifying stages.

44. The compensation method of claim 39, further com-
prising:

combining the extracted current and an output current of

a last amplitying stage of the loop filter to generate the
filtered residual signal.

45. The compensation method of claim 39, wherein the
teedback signal 1s generated by a digital to analog converter,
and compensations of the amplifying stages are not involved
with any other digital to analog converter.

46. The compensation method of claim 39, wherein the
step of extracting the current from the one of the amplifying
stages and forwarding the extracted current to the following
one of the amplifying stages comprises:

extracting currents from two or more amplifying stages,

and forwarding the currents to the following one of the
amplifying stages.
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